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ABSTRACT

A database (http://perso.curie.fr/tsoussi ) is described,
in which over 1000 mutations in the human APC gene
of tumors (colon cancer predominantly) are compiled
from the literature. It includes both molecular informa-
tion about the mutations and clinical data about the
patients. Software has been designed to analyse all
this information in the database.

INTRODUCTION

Familial adenomatous polyposis (FAP) is an autosomal-dominant
precancerous condition characterized by the appearance of
hundreds to thousands of adenomatous polyps throughout the
entire colorectum. The disease is caused by a germline mutation
in the tumor suppressor gene APC localized on chromosome
5q21–22 (1,2). Furthermore, somatic mutation of the APC gene
has been identified in sporadic colorectal cancer as well as in
some cancer of the stomach, pancreas, thyroid, ovary and other
primary sites. As shown below, >98% of APC mutations are
either frameshift or nonsense mutations leading to the synthesis
of a truncated protein.

Analysis of the APC mutation does not lead to the possibility
to perform accurate epidemiological studies as those done with
the p53 gene. This is mainly due to the high rate of frameshift
mutations that are necessary for the inactivation of APC function.
Nevertheless, the analysis of APC mutations indicates that
germline and somatic mutations are not alike. The distribution of
somatic APC mutations has led to the discovery of a mutation
cluster region (MCR) whereas germline mutations are scattered
throughout in the first half of the coding region (3). Another
interesting observation come from the analysis of the frequency
of 1 bp deletion (Table 1). This observation, originally detected
by Marshall et al. on a small number of patients, is now confirmed
with a larger series (4). The origin of this difference is unknown,
but it suggests that different mechanisms are involved in these
two different cell types.

Table 1. One base deletions are more frequent in tumors

del 1 bp del 2 bp

Somatic mutation 112/522 (21.5%) 65/522 (12.45%)

Germline mutation 24/371 (6.5%) 36/371 (7%)

P = 0.0001 P = 0.20

CORRELATION BETWEEN GENOTYPE–PHENOTYPE

It is well known that, although all FAP patients have mutations of
the same gene and all mutations of the APC gene lead to a
C-terminal truncated protein, all FAP patients do not develop
uniform disease. It has clearly been shown that patients with
identical mutations can develop different clinical features (5).
However, some correlations between the location of APC
mutation on the gene and clinical manifestations were found.
Congenital hypertrophy of the retinal pigment epithelium (called
CHRPE) are associated with truncating mutations between
codons 463 and 1387 (6,7). An increased of extracolonic
manifestations such as desmoid tumors and mandibular lesions
were observed with mutations located between codons 1403 and
1578 (8). Some studies have suggested that mutations between
codons 1250 and 1464 are associated with an increased number
of colorectal tumors (3). On the contrary, an attenuated phenotype
of FAP disease was found to be associated with mutations at the
5′ end of the gene. Although only few mutations in the 3′ half of
the gene have been published, they all have been associated with
a mild phenotype (9–13). No truncated polypeptides were
detected in the cells of patients in these families. Van der Luijt et
al. (1996) speculated that these 3-prime mutations represent null
alleles and that the AAPC phenotype is the result of a dosage
effect. Patients with such mutations make less than a critical
quantity of the normal gene product. The 5′ border of this second
region of attenuated FAP could be assigned at codon 1597. It is
interesting to note that APC gene mutations in this region are
associated with desmoid tumors and absent CHRPE. No correla-
tion has been found between the occurrence of rare manifesta-
tions of the disease (i.e. brain tumors, hepatoblastomas and
thyroid cancers) and specific APC mutations, suggesting the
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existence of environmental factors or the existence of modifying
genes responsible for the occurrence of these tumors.

Recently, Laken et al. (1997) described a novel mechanism for
predisposition to colorectal cancer involving a specific poly-
morphism in the APC gene (14). The change converted the
sequence AAATAAAA to (A)8 at codon 1307 (I1307K). Rather
than altering the function of the encoded protein, this poly-
morphism creates a small hypermutable region of the gene
leading to various mutational events around this position:
insertion or deletion of 1 bp, point mutation leading to a stop
codon. They found the polymorphism in 6% of Ashkenazi Jews
and ∼28% of Ashkenazim with a family history of CRC.

More than 700 somatic mutations have been reported to date in
different tumor types. Most of these mutations lead to truncation
of the APC protein either by a nonsense mutation (34%) or by
frameshift mutation (62%). One exception has to be noted, the
nature of the APC somatic mutations observed in hepatoblastoma
was unusual, 9 of the 10 mutations were missense, with only 1
case featuring a frameshift mutation due to an insertion (15).
Although >90% of the somatic mutations of APC gene were
observed in colorectal neoplasm, APC alterations seem to be
implicated in tumorigenesis of other cancers such as esophageal
(16,17) or gastric (18,19).

DESCRIPTION OF THE DATABASE AND FORMAT

As of October 1997, the database contained >1000 records of
mutations—either germline, somatic, or from cell lines. Splice
mutations have been omitted. If the same mutation was reported in
more than one article, only the first report is taken into account.
Most of the mutations described in this database originate either
from FAP patients or from colorectal cancer. For germline
mutations in FAP patients, each record corresponds to only one
patients in one family. Relatives in the family for whom the same
mutation has been observed were not recorded. For somatic
mutation in colorectal cancer, it has been described by several
authors that different mutations could occur in different carcinomas
in a single patient (either in different dysplasia, adenomas or
carcinomas). For each mutation a single record has been entered
corresponding then to a single mutational event. Somatic mutations
in the APC gene have been described in other neoplasm and have
been also included in the database but their number is too low for
statistical analysis. More than 20 polymorphisms have been
identified in the APC gene and have been compiled by Nagase
et al. They have not been taken into account in the database.

AVAILABILITY

The program was developed with the 4th Dimension (4D)
package from ACI (version 6.0). This version generates a
compiled program that can be used either on a MAC (680xx or
PowerMac) or an IBM computer (486 or Pentium). Furthermore,
the compilation integrates the runtime of 4th Dimension,
alleviating the need for any other software. This stand-alone
software has a size of 5 Mo. The APC database has a size of 3 Mo.

The software and the databases are freely available. They can be
requested from T.Soussi (thierry.soussi@curie.fr) or C.Béroud
(béroud@ceylan.necker.fr). Ten formatted floppy disks are
necessary for sending the full version of the database and the
software. A solid support such as a Syquest cartridge (44 Mo, 88
Mo or 200 Mo), Jaz cartridge (1 Go) or a CD can also be handled.

The APC database is also available on our Web site at the
following address: http://perso.curie.fr/tsoussi . Data have been
saved as Microsoft Excel files and can be used either with a Mac
or an IBM. All databases are also available by mail (two
formatted floppy disks are necessary).
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